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Summary 



Background Dermatitis herpetiformis (DH) is a papulovesicular eruption caused, by 
ingestion of gluten. It is characterized by the deposition of IgA in the dermal 
papillae. IgA antibodies directed at tissue transglutaminase (TG2) are elevated in 
gluten-sensitive diseases including DH and coeliac disease (CD). More recently, 
antibodies directed at epidermal transglutaminase (TG3) were identified in 
patients with DH, and this may be the dominant autoantigen in this disease. 
Objectives To measure IgA antibodies to TG3 and TG2 in patients with DH and 
CD, and control populations. 

Methods Serum IgA antibodies against TG2 and TG3 were measured from adults 
with DH, adults and children with CD, patients with psoriasis, adult Red Cross 
blood donors, and paediatric controls. 

Results Patients with DH and CD had elevated levels of IgA anti-TG2 antibodies 
compared with control populations. The levels in the patients with DH and adults 
with CD were similar. IgA anti-TG2 antibodies were higher in the children with 
CD compared with adults with DH and CD, and with control populations. 
Patients with DH and adults with CD had elevated levels of IgA anti-TG3 anti- 
bodies compared with children with CD and control populations. There was 
a trend towards higher levels in the patients with DH compared with adults 
with CD. 

Conclusions IgA antibodies to TG3 are elevated in patients with DH and adults with 
CD. The progressive expansion of the epitope-binding profile of IgA antitransglu- 
taminase antibodies in patients with CD may explain the development of DH in 
patients with undiagnosed CD during their adult life. 
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Dermatitis herpetiformis (DH) is a papulovesicular cutaneous 
eruption precipitated by ingestion of gluten. 1 Patients typi- 
cally present with pruritic, excoriated papules on extensor 
surfaces of the elbows, knees, buttocks, back and scalp. This 
eruption is related to IgA deposits in the dermal papillae, a 
finding that is pathognomonic for DH. These granular 
deposits of IgA are present in perilesional as well as unin- 
volved skin. The concentration of granular IgA at these sites 
decreases with adherence to a gluten-free diet, and reaccu- 
mulation occurs with the institution of a gluten-containing 
diet. 1 The antigenic specificity of the IgA in DH skin is 
unknown. In 2002 Sardy et al. 3 demonstrated the presence of 
epidermal transglutaminase (TG3) antigen within DH tissue. 
They proposed that this was the 'dermatitis herpetiformis 



autoantigen'. However, its relationship to disease activity and 
the mechanism by which it may participate in the produc- 
tion of the inflammatory process remain unclear. We recently 
produced a new anti-TG3 antibody and confirmed the obser- 
vation of Sardy et al. that TG3 colocalizes with IgA in DH 
skin. TG3 was present in both inflamed, involved skin as 
well as uninvolved skin of patients with DH. 4 This indicates 
that the presence of the TG3 antigen is not the essential 
factor in disease pathogenesis. Therefore, TG3 is likely to 
play an important role in the pathogenesis of DH, but its 
exact role remains unknown. 

Transglutaminases are a family of enzymes with pleiotro- 
pic functions, including protein crosslinking, deamidation, 
amine incorporation, esterification and hydrolysis. 5 There 
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are nine known human transglutaminases, and some are 
expressed in the epidermis. The functions of transglutamin- 
ases are important in multiple systems, including blood 
clotting, apoptosis and the maturation of the keratinocyte 
cytoskeleton. Genetic deficiency of TG2 causes lamellar ich- 
thyosis, and other transglutaminases are also associated with 
genetic disease. 6 

DH is known to be associated with gluten-sensitive entero- 
pathy (GSE) in virtually all cases. 7 However, the intestinal 
inflammatory process in DH is generally less severe than that 
seen in symptomatic coeliac disease (CD). Tissue transgluta- 
minase (TG2), the antigen of an immune response in CD, is 
widely expressed in many tissues, including the gut epithe- 
lium. 5 The mechanism by which an immune response against 
TG2 is induced by gluten is unclear. However, gluten and gli 
adin proteins are glutamine rich and contain runs of polyglu- 
tamine. Glutens are also substrates of transglutaminase and it 
is hypothesized that a neoantigen is created by enzymatic 
modification of dietary gluten. 8 TG3 has a more restricted tis- 
sue expression. It also has low sequence homology with other 
transglutaminases and a relatively low conservation between 
species. 9 The trigger of the immune response to TG3 in the 
progression from CD to DH is unclear. However, it is likely 
that the disease-related antibodies are directed at post-transla- 
tional epitopes. 

The age at onset of CD is reported to be predominantly in 
early childhood with 7 0% of cases occurring before the age of 
2 years, 10 although with increased sensitivity of serological 
assays more cases are now being diagnosed in adulthood. In 
contrast, the mean age at onset of DH is 38 years and child- 
hood cases are very rare. 1 1 

We have hypothesized that IgA antibodies to TG3 are 
related to the inflammatory process, disease activity or devel- 
opment of inflammation over a period of time in patients 
with DH. To test this hypothesis we measured TG3 and TG2 
IgA antibody levels by enzyme-linked immunosorbent assay 
(ELBA) in patients with DH, adults and children with CD and 
control populations including patients with psoriasis, Red 
Cross blood donors and paediatric controls. 

Materials and methods 
Study population 

These studies were approved by the Institutional Review Board 
at the University of Utah. The patient groups in this study 
included 44 patients with newly diagnosed DH. These patients 
were a cross-section of our patients with clinical DH. To be 
considered eligible for the study, patients required a diagnosis 
of DH established by skin biopsy using direct immunofluores- 
cence showing granular IgA deposits in dermal papillary tips. 
The age range for the patients with DH was 19-80 years. The 
first control group consisted of patients with psoriasis not 
known to have DH. This included 37 patients. The age range 
was not specified, but all were greater than 1 8 years. The sec- 
ond control group included S3 randomly ascertained Red 



Cross blood donors whose samples were collected without 
knowledge of any clinical symptoms. The age range was not 
specified, but all were greater than 1 8 years. The third control 
group included SO randomly ascertained children from ARUP 
laboratories (Salt Lake City, UT, U.S.A.) aged 7-17 years with- 
out known DH or CD. Finally, we included 19 adults with 
new-onset CD and 16 children with new-onset CD. To be 
considered eligible for inclusion in the study, patients 
required a small bowel biopsy demonstrating evidence of CD. 
The duration and severity of clinical symptoms were 
unknown. The age range of the adults with CD was 
20-79 years and that of the children with CD was 1-17 years. 

All of the patients with DH and the adults and children 
with CD were on a normal, gluten-containing diet. No 
patients with DH were being treated with dapsone at the time 
of serum collection. None of the patients with DH, adults 
with CD or children with CD had partial or total IgA 
deficiency. 

Tissue transglutaminase and epidermal transglutaminase 
assays 

Serum IgA antibodies against TG2 and TG3 were measured 
using a commercially available ELISA assay. Serum was 
obtained from whole blood by centrifugation for 10 min and 
frozen at -80 °C with sodium azide. Semiquantitative detec- 
tion of IgA anti-TG2 antibodies was performed per manufac- 
turer protocol using the QUANTA Lite human recombinant 
TG2 IgA kits (INOVA Diagnostics, San Diego, CA, U.S.A.). Per 
manufacturer recommendations, positivity was assigned at 
> 20 units. Semiquantitative detection of IgA antihuman 
recombinant TG3 was performed per manufacturer protocol 
using IgA anti-TG3 ELISA kits (Immundiagnostik, Bensheim, 
Germany). The upper limit of normal for this assay is assigned 
as 1 8 units. Assays were run in duplicate for all sera. 

Statistical analysis 

A univariate analysis of variance (anova) was used to test the 
differences in mean IgA anti-TG2/TG3 values among the six 
groups (adult CD, DH, paediatric CD, psoriasis, Red Cross 
blood donor and paediatric control). Tukey's multiple com- 
parison adjustment was further performed to determine which 
groups showed differences if an overall anova was significant. 
In cases where data were skewed and did not have equal vari- 
ance across groups, the response variables were then log-trans- 
formed and anova was used on the transformed data. A 
nonparametric Kruskal-Wallis test was utilized to test the dif- 
ferences in IgA anti-TG2/TG3 among groups. 

Results 

Tissue transglutaminase 

Patients with DH and CD had elevated levels of IgA anti- 
TG2 (Fig. 1). Twenty of 44 patients with DH (45%) had IgA 
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anti-TG2 levels > 20 units. The mean of our 44 patients was 
59-77 (range 6-209). Likewise, IS of 19 adults with CD 
(79%) had an elevation of IgA anti-TG2 with a mean of 
62-75 (range 3-184). The children with CD had higher levels 
of IgA anti-TG2 (mean 142-19, range 26-258). All (n = 16) 
of these patients had elevated IgA anti-TG2 levels. In contrast, 
the group of patients with psoriasis had a mean level of 
7-04 (range 5-7) comparable with the Red Cross blood 
donors (mean 7-64, range 5-42) and the paediatric control 
group (mean 6-0, range 0-159). There was one Red Cross 
blood donor and one paediatric control with an elevated IgA 
anti-TG2 level. 

For statistical analysis, a univariate anova was used to test 
the differences in mean IgA anti-TG2 values among groups. 
The differences in means in the six groups were highly 
significant (P < 0-001). Homogeneous subsets included 
(i) patients with psoriasis, Red Cross blood donors and paedi- 
atric controls; (ii) adult CD and adult DH; and (iii) paediat- 
ric CD, with no significant differences within a subset, and 
significant differences between subsets. Similar results were 
found when values were log-transformed and anova used 
on the transformed data. Finally, a nonparametric Kruskal- 
Wallis test was performed to analyse the differences among 
values (not the means) among groups. There were signifi- 
cant differences among homogeneous groups (i, ii, iii) 
(P < 0-001). 

Epidermal transglutaminase 

Patients with DH had elevated levels of IgA anti-TG3 (Fig. 2). 
Twenty-three of 44 (5 2%) had IgA anti-TG3 levels 
> 18 units. The mean of our patients was 30-73 (range 
7-153). Adults with CD also had elevated levels. Ten of 19 
(53%) had elevated levels (mean 18-95, range 6-3-58). Chil- 
dren with CD did not have elevation of TG3. Only one of 16 
(6%) had an elevated level (mean 9-02, range 3-92-21-14). 
The psoriatic, Red Cross blood donor and paediatric control 
populations had means of 6-23, 7-87 and 2-0, respectively. 



Fig 1. Tissue transglutaminase (TG2) values 
in 44 patients with dermatitis herpetiformis 
(DH), 37 patients with psoriasis (PS), 53 Red 
Cross blood donors (RC) , 1 9 adults with 
coeliac disease (CD), 16 children with CD 
(Paed CD) and SO paediatric controls 
(Paed.cntl). All patients were on normal, 
gluten-containing diets. Patients with DH and 
adults with CD had elevated levels of IgA anti- 
TG2 compared with Red Cross blood donors, 
patients with psoriasis and paediatric controls. 
Children with CD had higher levels of IgA 
anti-TG2 than both patients with DH and 
adults with CD. IgA anti-TG2 levels in adults 
with CD and patients with DH were similar. 
Mean values are indicated by a cross. 

This was within the normal range. A single Red Cross blood 
donor had an elevated IgA anti-TG3 level of 20. 

A univariate anova was used to test the differences in mean 
IgA anti-TG3 values among groups. The differences among 
the groups were highly significant (P < 0-001). Homogeneous 
subsets were (i) psoriasis, Red Cross blood donors, paediatric 
controls and paediatric CD; and (ii) adult CD and adult DH, 
with no significant differences among subsets, and significant 
differences between subsets. When a Tukey's multiple com- 
parison adjustment was made, the difference between adult 
CD and DH was close to statistical significance (P = 0-053). 
Similar results were seen on log-transformed data using anova. 
A nonparametric Kruskal-Wallis test was used to analyse the 
differences in IgA anti-TG3 values (not means) among groups 
and showed significant differences among homogeneous 
groups (i, ii) (P < 0-001). 

In summary, patients with DH and CD had comparable lev- 
els of IgA anti-TG2 antibodies. However, patients with DH 
had higher levels of IgA anti-TG3 antibodies, nearing tradi- 
tional statistical significance (P = 0-053). 

Discussion 

We have evaluated the role of serum IgA antibody assays to 
TG2 and TG3 in patients with DH, adults and children with 
CD, and control populations. Perhaps most interesting is the 
fact that our children with CD had significantly lower levels of 
serum IgA anti-TG3 antibodies than our adults with CD. This 
occurred in the face of significantly elevated IgA anti-TG2 lev- 
els in the paediatric population compared with the adult 
population. There is an obvious dichotomy in the expression 
of the two antibody profiles in these age-controlled groups of 
patients with the same disorder. We find this particularly 
interesting because the average age at onset of DH in our 
patient population is 38 years. 11 The reason for the adult age 
at onset of DH compared with the frequent childhood onset 
of CD is unknown. The current data suggest to us that during 
childhood, patients with CD initially have elevated levels of 
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Fig 2. Epidermal transglutaminase (TG3) 
values in 44 patients with dermatitis 
herpetiformis (DH), 37 patients with psoriasis 
(PS), 53 Red Cross blood donors (RC), 19 
adults with coeliac disease (CD), 16 children 
with CD (Paed CD) and SO paediatric controls 
(Paed.cntl). All patients were on normal, 
gluten-containing diets. Patients with DH had 
elevated levels of IgA anti-TG3 compared with 
all other groups. Adults with CD had higher 
levels of IgA anti-TG3 than children with CD. 
There was a trend towards higher levels in 
patients with DH compared with adults with 
CD, but the results did not reach statistical 
significance (P = 0-053). Mean values are 
indicated by a cross. 
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IgA anti-TG2 antibodies but normal levels of IgA anti-TG3 
antibodies. Although we do not have longitudinal studies of 
any individual patients, the data suggest to us that as time 
goes on and patients with untreated CD become adults, they 
develop elevated levels of IgA anti-TG3 antibodies compared 
with their childhood counterparts. We would propose that 
this group of patients with CD who develop elevated levels of 
IgA anti-TG3 antibodies over time comprises the patients at 
risk of developing DH in adulthood. 

We have demonstrated that patients with DH have elevated 
levels of IgA anti-TG3 antibodies compared with control Red 
Cross blood donors. This has been described previously by 
Sardy et ttl. 3 However, Sardy et al. failed to note that the serum 
IgA anti-TG3 levels of patients with DH were higher than 
those of their control CD population. We tested 44 adults with 
DH for IgA anti-TG3 antibodies. Adults with DH and adults 
with CD both had elevated levels of IgA anti-TG3 antibodies 
compared with control groups and children with CD. There 
was a trend toward elevated levels of anti-TG3 antibodies in 
adults with DH compared with adults with CD although this 
did not quite reach statistical significance (P = 0-053). Perhaps 
a larger sample size would demonstrate significance. 

In our study, approximately 50% of patients with DH were 
positive for IgA anti-TG3 antibodies. This suggests that factors 
other than IgA anti-TG3 antibodies are important in the dis- 
ease pathogenesis of DH. It is known that IgA is present in 
DH skin for years and does not correlate with disease activity. 1 
Circulating TG3 antibodies may fluctuate with gluten intake, 
intestinal inflammation or trauma to skin, and may be an indi- 
cation of disease activity only at the time of serum collection. 
Further studies to correlate IgA anti-TG3 antibodies in patients 
with DH with disease parameters including disease duration, 
gluten intake, disease severity and dapsone dose are warranted 
to investigate this issue further. 

In the TG2 studies we noted that both adults with DH and 
adults with CD had comparable levels of IgA anti-TG2 anti- 
bodies. This is similar to previously reported studies. 12 ' 13 
Interestingly, our paediatric CD population had higher levels 



of IgA anti-TG2 antibodies (P < 0-001) compared with adults 
with DH and CD. As expected, the serum IgA anti-TG2 levels 
of patients with psoriasis, Red Cross blood donors and paedi- 
atric controls were within the normal range. Rare patients 
with psoriasis have been said to have CD causally related to 
their psoriasis but this apparently did not influence our 
data. 1415 These data provide further support for the evaluation 
of IgA anti-TG2 antibodies in patients with DH and CD and 
indicate that children with CD may have higher levels of these 
antibodies than their adult counterparts as well as adults with 
DH. These results warrant additional, larger studies in adults 
and children with CD specifically addressing any differences in 
IgA anti-TG2 or TG3 antibody levels, and any correlation of 
the antibody levels to severity of disease, duration of disease, 
or level of gluten restriction. 

In summary, our data show the first evidence that progres- 
sive expansion of the epitope-binding profile of IgA antitrans- 
glutaminase antibodies may be the reason for development of 
DH in patients with undiagnosed GSE during their adult life. 
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